Abstract. At present there are 75 robotised milking systems or AMS operating in Latvia, and their number is increasing rapidly. Therefore, it is essential to determine the main factors that influence the economic profitability of introducing the AMS. As the research performed in the Western Europe shows, in this case the milk yield and the amount of milk milked by one AMS per year play an important role. Nevertheless, in our previous research, performed from 2008 to 2010, it was stated that also the wages of animal breeders are important. Therefore, the present article gives a comparison of the AMS and stand type parlour milking equipment considering the present economic situation kin Latvia. In the research it has been stated that for introduction of AMS approximately two times larger capital investments are necessary compared to the stand type parlour equipment that is used for serving the herd of the same size. But the AMS offer a possibility to reduce approximately two times the consumption of work of the people involved in milking. Therefore, in evaluation of the economic profitability of the AMS the wages for the animal breeders play an important role. Our research shows that introduction of AMS becomes economically profitable, compared to the stand type parlour equipment, if the wages for the workers exceed 4.5-5.0 EUR per one working hour.
Introduction
The first robotised cow milking systems or AMS (automated milking systems) were introduced in Latvia in 2007, but at present there are already 75 such type milking systems operating in the country. Besides, their total number has increased rapidly during the recent years. It is due to several advantages of the AMS, but mainly due to the fact that the consumption of work of animal breeders decreases essentially as milking of cows is done without direct participation of people. In the research [1] [2] [3] [4] [5] [6] [7] [8] it has been stated that in case of using the AMS the animals were milked in average 2.6-2.8 times per day; such cow breeding conditions correspond to animal welfare conditions much better. Therefore, introducing the AMS, the milk yields increase by 5-10 % [1] [2] [3] . Besides, also the quality of the obtained milk is higher [3; 4] , as during milking the obtained milk is immediately tested according to several indicators and the milk that is not qualitative is separated.
Still, for purchasing and introduction of AMS 2-2.5 times larger capital investments are necessary than for the stand type parlour equipment that is equal compared according to the working capacity. Therefore, investigations are performed to find the most important criteria that determine the economic profitability of introduction of AMS. In the first investigations, performed in the Western Europe [2] , it was found that such kind of equipment is cost effective, if the milk yield is not less than 7000-8000 kg per year. Whereas at present, the amount of milk obtained in one AMS [4] that should be not less than 500-600 tons of milk per year is considered to be the most important criterion. It should also be noted that specific operating costs are of key importance [6] . In turn, in the research [9] performed at the Latvia University of Life Sciences and Technologies from 2008 to 2010 it was stated that another important criterion is the rate of animal breeder wages. Application of the AMS becomes more profitable compared to the stand type parlour equipment, if the wages for the milkers are not less than 1000-1100 EUR per month.
However, in recent years the situation in Latvian milk farming has considerably changed. The average milk yields of cows have essentially increased in many farms already exceeding 10 000 kg per cow per year. Besides, the wages for the animal breeders have increased reaching 900-1000 EUR per month, and the milking equipment purchasing prices have decreased. Therefore, the aim of the present article is to determine the profitability of usage of the AMS, considering the present situation.
Materials and methods
Three farms, where there are 100-200 milk cows, were selected for the research. In one of them two AMS produced by the company DeLaval are used, but in the other farms -side by side (parallel parlour) and herringbone parlour type milking stands are used (Table 1) . 
*participating in the process of milking
In order to compare different technological solutions of milking cows, the whole equipment set necessary for milking and primary processing of the obtained milk was included in the calculations. Therefore, not only the exploitation costs of the milking equipment, but also the exploitation costs of the cow mechanical mover (if it is used) as well as of the milk cooler were considered. The economic profitability of the milking equipment was evaluated according to the specific machine costs and specific exploitation costs that are calculated per one cow per year. For calculation of these costs the below mentioned formulas were used.
For specific machine costs and exploitation means, EUR/cow per year
where I r -machinery specific renovation costs, EUR·cow 
where I s.īp -specific costs for workers' wages, EUR·cow -1 ·year -1 ; I b.īp -specific exploitation costs for farm premises used for milking cows, EUR·cow -1 ·year -1 .
For specific costs for workers' wages, EUR·cow -1 ·year 
where k bū.re -coefficient considering the building repair costs; F bū -area of the part of premises used for milking cows, m 2 ; C bū.īp -specific building costs of the farm premises used for milking cows; EUR·m -2 ; N bū -normative lifetime of the buildings, usually N bū = 20 years.
For the calculations the data on the farms given in Table 1 were used. Nevertheless, considering that in every farm the size of the cow herd is different, correction of these data was done. For this purpose it was assumed that there are 130 milk cows in all farms, i.e. the same as in farm 1. Corresponding to this number of cows the time for milking and also labour intensity were corrected. In the calculations it was also assumed that the prices for water, disinfectants and washing detergents used in the farms are equal. Besides, the wages for the workers (milkers, cow movers) are also equal, and it can be 3.00; 4.00; 5.00; 6.00 or 7.00 EUR per hour. The average milk yields can be on two different levels: 7000 and 10000 kg per cow per year.
Results and discussion
Information about the specific machine costs and means of exploitation costs using different kinds of milking equipment is summarized in Figure 1 . 
Fig. 1. Specific machine costs and means of exploitation costs for differently assembled milking technological lines, if average milk yield is 10 000 kg per cow per year
The figure shows that the highest specific machine costs are in the first farm, where for milking cows two AMS are used. If, in turn, for this purpose the side by side parlour equipment is used, the costs are reduced by 37 %. But if the stand type parlour equipment with herringbone parlour arrangement is used, the costs reduce by 44 %. It is related to the increased capital investments for purchasing and introduction of AMS that are approximately two times higher compared to the other types of milking equipment. Besides, also the repair and technical maintenance costs for the AMS are higher (by approximately 50 %), as for repairing them assistance of qualified specialists is necessary. Also the electric energy costs are increased (by 30 %), as the cows enter the AMS also during the night time.
The proportion of the calculated specific costs for every technology is shown in Figure 2 . The figure shows that in case of using the AMS, the machine costs (including also the costs of exploitation means) comprise 70.6 % of the total costs, but 26.9 % of the total costs are used for the wage of the worker, who several times per day stimulates the "lazy" cows to go for milking, as well as takes care of the AMS zone and carries out everyday technical maintenance of the AMS. In turn, the building costs or exploitation costs of the part of the premises of AMS location are 2.5 % of the total costs. They are comparatively small, as the area occupied by the milking zone is only 84 m 2 .
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44. If, in turn, the stand type parlour equipment is used for milking cows, the machine costs of the milk cooler and cow mechanical mover, including also the costs of exploitation means, comprise 40-45 % of the total exploitation costs. But the specific costs necessary for the wages of the milkers and cow movers increase approximately two times reaching 48-55 %. The same, building exploitation costs are 2-3 times higher as a considerably larger part of the premises is necessary for milking.
Dynamics of the changes of the total exploitation costs depending on the rate of the wages for the milkers and cow movers is given in Figure 3 . The figure shows that the milking technological line exploitation costs are changing directly proportionally to the wage rate for the workers. The higher the rate, the more increased the specific exploitation costs. If the wage rate for the workers does not exceed 4.0 EUR per hour, then the lowest specific exploitation costs are in the case of the stand type parlour milking equipment. But if the wages exceed 4.5-5.0 EUR per hour, the application of the AMS becomes cheaper.
According to the farm inspection results at present the wage rate for animal breeders is in the range from 3.5 to 6.0 EUR per one working hour. Calculating that in average every month they have to work for 160 working hours, it corresponds to 560 to 960 EUR per month. But it should be taken into account that these research results have been obtained in the farm, where one AMS serves the herd of 65 cows. If this load is less, the margin of profitability of introduction of the AMS will be at accordingly higher wages for the workers.
Similar research has been performed for the situation, when the average milk yield is 7000 kg of milk per year. In this case the amount of the specific exploitation costs reduces by some percents. It is related to the reduction of the milking time as well as the reduction of the consumption of electric energy necessary for cooling of milk and vacuum pump operation. Still, the obtained overview of the changes of exploitation costs is identical to the case given in Figure 3 , when the average milk yield is 10 000 kg of milk per year. It shows that the most important parameter, which determines the profitability of introduction of cow robotized milking, is the wages for the workers.
Conclusions

For introduction of AMS approximately two times higher capital investments are needed in
comparison to side by side (parallel parlour) and herringbone parlour equipment, which are used for milking cows in milking yards, used to serve analogous size herds of cows. Nevertheless, usage of the AMS reduces the wages for the workers involved in the process of milking approximately two times. 2. The profitability of introduction of the AMS essentially depends on the wages for the animal breeders involved in the process of milking cows. If the amount of the wages exceeds 4.5-5.0 EUR per hour, the introduction of the AMs becomes more profitable compared to the usage of the side by side (parallel parlour) and herringbone parlour milking equipment for milking cows.
